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* NOTICES * 

JPO and NCI PI are not responsibje for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The tight container which generates the plasma within the ambient atmosphere of the introduced 
raw gas, 

The airtight maintenance means for being placed between closure face-to-face with the 
dielectric window part attached as the whole surface of said tight container, and holding an 
airtight condition, 

The processor characterized by coming to provide the plasma cutoff means fabricated by the 
configuration which is prepared in the interior side of said tight container rather than the location 
in which said airtight maintenance means was formed, consists of a conductive ingredient and 
has stability on said closure side. 
[Claim 2] 

Said plasma cutoff means is formed of a conductive member. The configuration The 
configuration which made said conductive member thin band-like, and was wound around the 
spiral, the configuration which made said conductive member thin band-like, and was cast 
crosswise annular [ with bending ], The configuration which used said conductive member as lead 
wire, and was wound around the solenoid coil configuration or the configuration which used as 
said lead wire and was knit up into tubed, the processor according to claim 1 by which it is being 
[ it / any one ** ] characterized. 
[Claim 3] 

The tight container which generates the plasma within the ambient atmosphere of the introduced 
raw gas, 

The airtight maintenance means for intervening between planes of composition with the 
dielectric window part attached as the whole surface of said tight container, and holding an 
airtight condition, 

The gas cutoff means established on one [ at least ] opposed face by the side of the interior of 
said tight container rather than the location in which it became from the member with a reaction 
factor higher than the member which forms said tight container with the active species 
generated from said raw gas, and said airtight maintenance means was formed, 
The processor characterized by coming to provide. 
[Claim 4] 

The tight container which generates the plasma within the ambient atmosphere of the introduced 
raw gas, 

The airtight maintenance means for being placed between closure face-to-face with the 
dielectric window part attached as the whole surface of said tight container, and holding an 
airtight condition, 

The gas cutoff means which consists of a conductive member formed on the field which goes in 
said tight container of said airtight maintenance means, 
The processor characterized by coming to provide. 
[Claim 5] 

The tight container for performing processing accompanied by the photolysis by light energy 
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within the ambient atmosphere of the introduced raw gas, 

The airtight maintenance means for being placed between closure face-to-face with the light 
transmission window part attached as the whole surface of said tight container, and holding an 
airtight condition, 

The light source prepared in the non-plane-of^composition side in said light transmission window 
part, 

A protection-from-light means by which the light which said light source emitted is prepared on 
the optical path which tends toward said airtight maintenance means, and shades said light 
The processor characterized by providing. 
[Claim 6] 

Said raw gas is claims 1, 3, and 4 and the processor of any one publication of five which are 

characterized by consisting of reactant gas which contains an oxygen atom in a presentation at 

least. 

[Claim 7] 

Said processor, 

The gas cutoff means which consists of a member with a reaction factor higher than the location 
in which said airtight maintenance means was formed with the active species generated from 
said raw gas rather than said tight container ingredient prepared on each field of the 1st field 
including the closure side established in the interior side of said tight container, and the 2nd field 
of said configuration part which stands face to face against the 1st field, 
The processor according to claim 5 characterized by furthermore providing. 
[Claim 8] 

The tight container which generates the plasma. 

The wall in which a part of container wall surface which constitutes this tight container is 
prepared airtightly free [ attachment and detachment ], 

The O ring which carries out the seal of the opposite section of this wall and said container wall 
surface airtightly, 

The plasma cutoff means established inside [ said / chamber ] this O ring, 
Plasma equipment characterized by coming to provide. 
[Claim 9] 

Said plasma cutoff means is plasma equipment according to claim 13 characterized by being at 
least one means of an annular metal wire production object, an annular metal plate 
manufacturing spring, and an annular metal beam object. 
[Claim 10] 

The tight container with which raw gas is supplied, 

The wall in which a part of container wall surface which constitutes this tight container is 
prepared airtightly free [ attachment and detachment ], 

The harmful gas adsorption means established on the opposed face of said wall and said 
container wall surface in the opposite section of this wall and said container wall surface, 
Plasma equipment characterized by coming to provide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates [ be / it / under / tight container / setting ] to the processor and plasma 

equipment which perform plasma treatment, processing by photoactivation gas, etc. 

[0002] 

[Description of the Prior Art] 

Generally, in order to manufacture a semiconductor device, plasma-CVD (Chemical Vapor 
Deposition) equipment, a sputtering system, an etching system, etc. are used, and membrane 
formation and etching are performed by the plasma treatment in a vacuum. This vacuum is made 
by the airtight processing chamber in which the exhaust air system was prepared, and is. This 
processing chamber is formed in box-like by being made from aluminum or stainless steel, and 
the delivery device for performing delivery with the conveyance system of the gas feed system 
for introducing the electrode for plasma generating, process gas, etc., the semi-conductor 
substrate (wafer) taken out from the exterior in carrying in or the exterior, or the substrate for 
displays etc. is prepared in that interior. Moreover, two or more openings, such as a port for 
connecting the gate and the exhaust air system for a conveyance system, are prepared in the 
processing chamber. 

[0003] . , 

When attaching a configuration part in these openings, respectively, in order to give airtightness, 
it is attached on both sides of the member for airtight maintenance (seal member). As this 
member for airtight maintenance, the O ring which consists of a metallic gasket, rubber, etc. is 
mainly used. A metallic gasket is Used for the flange junction to a processing chamber among 
these in many cases. Although airtightness is high and has endurance also to heat or raw gas 
(corrosive gas and the gas of oxygen active species are included), since this metallic gasket 
cannot be used repeatedly, it is that it is thrown away. On the other hand, the O ring is used as 
an airtight sealant, in case the gate lid and viewing port (glass) which are opened and closed 
each time are attached in a processing chamber as an aperture, in order to take a wafer in and 
out That is, it is used to the part which cannot use metallic gaskets opened and closed 
repeatedly, such as a part and glass. 
[0004] 

[Patent reference 1] 

JP.5-315262.A (paragraph number [0012] - [0015]), 
[0005] 

[Patent reference 2] 

JP.5-315261.A (paragraph number [0013]), 
[0006] 

[Patent reference 3] 

A JP.2002-217137.A official report, -(paragraph number [0014) [0018 
[0007] 

[Patent reference 4] 
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A JP.2002-164685.A official report, (paragraph number [0015) [0020 
[0008] 

[Problem(s) to be Solved by the Invention] 

The O ring mentioned above can be repeatedly used as a seal member, and since it is cheap, it is 
used abundantly at the vacuum processor. However, in substrate processing, when the oxygen 
active species (here an oxygen atom or ozone etc.) generated with raw gas, for example, oxygen 
gas, in plasma treatment or a gas ambient atmosphere are contained, an O ring is exposed to the 
plasma or oxygen active species, the front face of an O ring reacts chemically, and an O ring 
deteriorates. Moreover, since impurities, such as carbon and a fluorine, are emitted into a 
processing ambient atmosphere from an O ring with this reaction, there is a possibility that an 
impurity may permeate in a processed substrate. In usual oxidation treatment and etching 
processing, reactant gas including oxygen gas is used in many cases. As this cure, although the 
O ring of corrosion resistance can also be used, it is a large sum and product cost will be 
affected. 

£° 009 J 

A crevice is prepared inside the location in which the O ring was attached by the processing 
chamber body in the patent reference 1 there, and this crevice and the heights which fit in are 
prepared in the configuration part side to attach. When this configuration part is attached in a 
processing chamber body, a crevice and heights fit in, and it is devised so that raw gas and the 
plasma may be surroundihgs-lump-hard and may become. Moreover, by arranging cutoff parts, 
such as a fluororesin, inside an O ring, the patent reference 2 has proposed the technique of 
preventing degradation of an O ring, as the plasma and raw gas did not contact an O ring. 
[0010] ~ 

Generally, the clearance between configuration parts for an O ring to perform airtight 
maintenance is supposed that about 0.1 -0.3mm carries out suitable. However, there is change of 
the clearance by the curvature and distortion which were generated in a part for a joint by 
change of the clearance by degree-of-hardness change of the O ring by aging, the hysteresis of 
the heat in a processor, etc. By change of this clearance, these plasma and raw gas turn to a 
clearance, infiltrate into it. and reach to an O ring. 

Moreover, the patent reference 3 is indicating the technique of maintaining the optimal clearance 
using a resin stopper so that an O ring may be crushed moderately and airtightness can be 
maintained. If the stopper which consists of a resin ingredient currently indicated is exposed to 
the plasma or raw gas (active species), since he can consider reacting and emitting the organic 
substance, the clearance which prevents encroachment of the plasma or raw gas is specified. 
[001 2] 

However, in recent years, optical high processing of energy is used strongly [ the high density 
plasma or exposure reinforcement ] from want to high integration of a device, or improvement in 
the speed of processing speed, and the plasma and light have trespassed also upon the about 
0.1 -0.3mm clearance considered to be the optimal at the former. 

As what prevents encroachment of this plasma, the configuration parts (for example, a 
processing chamber and a lid) which arrange dip coiled spring to the periphery side of an O ring, 
and are joined are electrically connected to the patent reference 4, and the technique of 
performing magnetic shielding is indicated. Since dip coiled spring is arranged at the periphery 
side of an O ring and an O ring exists in a plasma side (inside), it is possible that the O ring is 
exposed to the plasma with this patent reference 4. 
[0013] 

Then, this invention aims at offering the processor and plasma equipment which prevent the 
breakage to the airtight maintenance means by the raw gas containing the active species used 
for the plasma generated under a vacuum ambient atmosphere, or processing. 
[0014] 

[Means for Solving the Problem] 

The tight container which generates the plasma within the ambient atmosphere of the introduced 
raw gas in order that this invention may attain the above-mentioned object. The airtight 
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maintenance means for being placed between closure face-to-face with the dielectric window 
part attached as the whole surface of said tight container, and holding an airtight condition, and 
on said closure side It is prepared in the interior side of said tight container rather than the 
location in which said airtight maintenance means was formed, and the processor which comes 
to provide the plasma cutoff means fabricated by the configuration which consists of a 
conductive ingredient and has stability is offered. 
[0015] 

Moreover, it is the configuration and any one ** which said plasma cutoff means was formed of 
the conductive member, and used as the configuration which the configuration made said 
conductive member thin band-like, and was wound around the spiral, the configuration which 
made said conductive member thin band-like, and was cast crosswise annular [ with bending ], 
the configuration which used said conductive member as lead wire, and was wound around the 
solenoid coil configuration, or said lead wire, and were knit up into tubed. 
[0016] 

Furthermore, the plasma equipment which comes to provide the tight container which generates 
the plasma, the wall in which a part of container wall surface which constitutes this tight 
container is prepared airtightly free [ attachment and detachment ], the O ring which carries out 
the seal of the opposite section of this wall and said container wall surface airtightly, and the 
plasma cutoff means established inside [ said / chamber ] this O ring is offered. 
[0017] 

The above processors and plasma equipment of a configuration form the airtight maintenance 
means which consists of an O ring the plasma cutoff means which consists of a conductive 
member of the configuration which has stability in a processing chamber side, intercept that the 
active species generated by the plasma and raw gas reaches to an O ring, and bleedoff of an 
impurity and degradation of an O ring are prevented. 
[0018] 

[Embodiment of the Invention] 

Hereafter, the operation gestalt of this invention is explained to a detail with reference to a 
drawing. 

Drawing 1 is the sectional view showing the notional whole configuration of inductive-coupling 
mold plasma treatment equipment as 1st operation gestalt which applied the processor of this 
invention. Drawing 2 is drawing showing the cross-section configuration to which a part for the 
airtight attaching part of a vacuum processor was expanded. 
[0019] 

The gas feed system 3 which this vacuum processor is connected with the processing chamber 
1 which consists of aluminum, stainless steel, etc., and the exhaust air system 2 connected to 
exhaust port 1a of the processing chamber 1 at gas inlet 1b, and introduces raw gas, purge gas, 
etc. into a tight container 1, for example, a processing chamber, is established. Opening of the 
top face of this processing chamber 1 is carried out, and a round is covered, 1d of circular sulci 
is formed in that annular up edge 1c, and as an airtight maintenance means, O ring 4 which 
consists of a rubber ingredient is exposed to 1d of this circular sulcus in part, and is inserted in 
it. When the hermetic seal (closure) of this exposure is carried out, it is spacing in which 
Clearance G is formed. 
[0020] 

Furthermore, the internal wall (dielectric window part) 5 formed with dielectrics, such as glass, is 
attached so that O ring 4 may be crushed proper to annular up edge 1c of the processing 
chamber 1 and it may become airtight to it. The coil 6 (up electrode) for plasma production is 
arranged on the top face (chamber outside) of this dielectric window part 5. Furthermore, the top 
cover 7 is attached above the dielectric window part 5 so that the coil 6 for plasma production 
may be covered. It may attach so that a lid 7 may besides press the dielectric window part 5, 
and you may make it function as crushing O ring 4 of annular up edge 1c proper, and giving the 
airtightness in the processing chamber 1. The table (lower electrode) 8 which has the function to 
hold the processed substrates 9, such as a semi-conductor wafer and a substrate for displays, 
and to perform the temperature control of this processed substrate 9 is formed in the pars 
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basilaris ossis occipitalis in the processing chamber 1. 

[0021] . 
Carrying-in appearance of this processed substrate 9 is carried out through the gate in which 
the side attachment wall of the processing chamber 1 was prepared and which is not illustrated 
Or switching operation of the dielectric window part 5 is carried out and the processed 
substrate 9 can also take the processed substrate 9 in and out of the upper part The coil 6 for 
plasma production mentioned above is connected to RF generator 11 which outputs 13.56MHz 
high-frequency power through the adjustment machine 10. In addition, in the following 
explanation, the wall side (or processing room side) of the processing chamber 1 called the 
inside, and has called the outside the outer wall side of the processing chamber 1 . 
[0022] 

The waveguide connected to the microwave power source for generating the plasma can also be 

formed in the top face (chamber outside) of the dielectric window part 5. 

[0023] 

Although this processor explains as an example the plasma membrane formation processor 
(CVD) which forms an oxide film, of course, it is not limited to this, and applies and is effective in 
the airtight maintenance means by O ring 4 of the processor by the plasma and/, or reactant 
gas. As a processor which has an airtight maintenance means, there are plasma-CVD equipment, 
a heat CVD system, a photon assisted CVD system, a sputtering system, an etching system, 
Usher equipment, etc., for example. 
[0024] 

Next, the airtight maintenance means A shown in drawing 2 is explained. 
When the periphery section of the dielectric window part 5 and annular up edge 1c of the 
processing chamber 1 opposite-**, the hermetic seal of this airtight maintenance means A is 
carried out. Circular-sulcus 1e same inside 1d of circular sulci in which O ring 4 of this annular 
up edge 1c was inserted (processing room side) is formed. When the hermetic seal of the plasma 
cutoff means 12 formed in the configuration which has stability like a spring with a conductive 
ingredient is carried out, it is inserted in this circular-sulcus 1e so that it may expose in part. 
This plasma cutoff means 1 2 consists of conductive members, such as an ingredient, for 
example, a metal etc., which is not corroded by the plasma which contacts. What rolled the 
metaled thin long and slender (band-like) steel plate in the shape of a spiral as a configuration of 
a plasma cutoff means may be used, and you may knit up into the thing which coiled lead wire 
around the solenoid coil configuration, or tubed. 
[0025] 

As a metal of this plasma cutoff means 12, stainless steel, aluminum, copper, iron, etc. these 
alloys, etc. are assumed. Moreover, surface treatment of corrosion-proof may be performed to 
these metals and alloys. The same is said of the conductive part which can set the following 
operation gestalten. 
[0026] 

When the dielectric window part 5 and annular up edge 1c are joined, the plasma cutoff means 12 
contacts these both, and if airtightness is realized when an O ring is crushed, the width of face 
of Clearance G will not be limited. However, the width of face of this clearance G reaches [ the 
plasma permeates to the plasma cutoff means 1 2, and ] for example, has a desirable clearance 
0.1mm or less. 
[0027] 

Next, the example of down stream processing is explained. As a processed object substrate 9, 
for example, a semi-conductor wafer is carried in in the processing chamber 1, and is laid on a 
table 8. Then, after the exhaust air system 2 exhausts atmospheric air and purge gas in the 
processing chamber 1 and reaches the set-up degree of vacuum, it introduces oxygen gas (02) 
as raw gas from a gas feed system 3, and forms the oxygen ambient atmosphere maintained by 
the predetermined pressure. Subsequently, high-frequency power is switched on in the 
processing chamber 1 through the dielectric window part 5 from the coil 6 for plasma production, 
and the plasma of an oxygen ambient atmosphere is generated. By this plasma, the active 
species generated from raw gas occurs. In addition, as this raw gas, activated gas, such as 
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oxygen gas, and the reactant gas which has corrosive [ which is used for RIE etc. ] shall also be 
included. In the following operation gestalten, although oxidation treatment by the active species 
(oxygen active species) generated by oxygen gas is explained as an example, it is not limited to 
this. Here, oxygen active species is taken as oxygen active species including the active species 
of others containing not only active oxygen but oxygen ion (0+, 02+), or ozone and an oxygen 
atom. 
[0028] 

By furthermore heating a semi-conductor wafer at about 300 degrees C, plasma oxidation of the 
silicon of a semi-conductor wafer is carried out. In this oxidation treatment, silicon oxide with a 
depth (thickness) of about 6nm is formed from a front face of the processing time for about 30 
minutes. 
[0029] 

To this silicon oxide, using SIMS (Secondary Ion Mass spectroscopy:ion [ secondary ] mass 
spectrometry), the amount of fluorines in silicon oxide is measured, the plasma cutoff means 12 
is not established like the example which prepared the plasma cutoff means 12 and the O ring 
like this operation gestalt, and before, but the example only by the O ring is explained. As a 
measurement result, the relation between the depth from the front face of silicon oxide with a 
thickness of 6nm and a fluorine atom consistency is shown in drawing 3 . 
[0030] 

According to this drawing 3 , in the example which did not establish the plasma cutoff means 12 
only with conventional O ring 4, many fluorines contain in silicon oxide until the depth of the 
silicon oxide formed as shown by the dotted line exceeds 5nm. On the other hand, in the 
example which established the plasma cutoff means 12 by this operation gestalt, it became clear 
that a fluorine atom consistency became three or less 1019 atoms/cm also on a front face, and 
was decreasing double figures compared with the former as shown by the continuous line. 
[0031] 

According to this operation gestalt, it can prevent that the plasma and raw gas affect it to O ring 
4 as mentioned above by arranging the plasma cutoff means 12 which consists of a conductive 
member of the configuration which has stability inside O ring 4. If it pulls, impurities generated 
from O ring 4, such as carbon and a fluorine, can prevent permeating into the processed 
substrate 9. Furthermore, the plasma cutoff means 1 2 prevents being spread in the processing 
chamber 1 , even if impurities, such as carbon and a fluorine, are generated from O ring 4. 
Moreover, if the organic substance is used for the ingredient of the plasma cutoff means 12, 
when exposed to the plasma, bleedoff of an impurity will pose a problem, but bleedoff of an 
impurity can be prevented if the ingredient is a metal (conductor). Furthermore, since the 
metallic material is thermally more stable, the temperature of the processed substrate 9 is 
desirable to oxidation treatment which is about 300 degrees C. 
[0032] 

Next, the airtight maintenance means 1 2 in the vacuum processor concerning the 2nd operation 
gestalt is explained. Drawing 4 (a) is drawing in which showing the cross-section structure of 
annular up edge 1 c of the processing chamber 1 , and showing the cross-section structure of the 
airtight maintenance means B in the condition that annular up edge 1c and the opposite section 
of the dielectric window part 5 were joined to drawing 4 (b). As an equipment configuration, it is 
equivalent to the configuration shown in drawing 1 in the configuration except being illustrated, 
moreover, the same about a part equivalent to the 1st operation gestalt mentioned above by the 
configuration part of this operation gestalt — it carries out with a reference mark and the 
explanation is omitted. 
[0033] 

As shown in drawing 4 (a), O ring 4 and the plasma cutoff means 22 are arranged at annular up 
edge 1c of the processing chamber 1. Inside the slot in which O ring 4 was inserted, a round of 
annular up edge 1c is covered, and the annular slit 21 is formed. The plasma cutoff means 22 is 
formed in band-like like a flat spring with the sheet metal which consists of a metallic material, 
and it bends and it is fabricated so that it may insert crosswise [ the ] with beam section 22a 
and may have section 22b in it. Plug partial 22b of this plasma cutoff means 22 covers a round, 
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and is airtightly inserted in the annular slit 21. If the thickness of this sheet metal is thickness 

which has stability like a spring, its thinner one is good. 

[0034] 

And it contacts that there is no clearance in the dielectric window part 5, beam section 22a of 
the plasma cutoff means 22 being pushed on the dielectric window part 5, and bending, when 
annular up edge 1 c and the dielectric window part 5 are joined, as shown in drawing 4 (b). With 
this, O ring 4 is crushed proper and airtightness is realized. 
[0035] 

The plasma cutoff means 22 intercepts the plasma and the plasma can be prevented from 
making it reach even to O ring 4 like this 2nd operation gesta It ****** and the 1st operation 
gestalt It can prevent carbon, fluorine gas, etc. occurring from an O ring by this, and being 
spread in the processing chamber 1. Moreover, it can produce cheaply with an easy 
configuration, and the maintenance of washing, exchange, etc. can be performed easily, 
furthermore — if it is narrow, for example, the clearance G between annular up edge 1c at the 
time of junction and the dielectric window part 5 is made to 0.1mm or less — raw gas — since - 
- the generated active species also stops being able to permeate easily 
[0036] 

Next, the airtight maintenance means of the vacuum processor concerning the 3rd operation 
gestalt is explained. Drawing 5 (a) shows the cross-section structure of the annular up edge of a 
processing chamber, and drawing 5 (b) is drawing showing the cross-section structure of the 
airtight attaching part part C in the condition that annular up edge 1c and the dielectric window 
part 5 were joined, in addition, the same about a part equivalent to the 1st operation gestalt 
mentioned above by the configuration part of this operation gestalt here — it carries out with a 
reference mark and the explanation is omitted. 
[0037] 

As shown in drawing 5 (a), O ring 4 and the plasma cutoff means 23 are arranged at annular up 
edge 1c of the processing chamber 1. Crosswise, this plasma cutoff means 23 uses drawing 
molding and press molding for annular [ which consists of beam section 23a and installation 
section 23b ], and is produced. It is arranged inside O ring 4, installation section 23b is airtightly 
fixed to the Zagury part 24 of annular up edge 1 c, and this plasma cutoff means 23 is in the 
condition that beam section 23a started up. 
[0038] 

It is made to contact that there is no clearance in the dielectric window part 5, beam section 
23a of the plasma cutoff means 23 being pushed on the dielectric window part 5, and bending, 
when annular up edge 1c and the dielectric window part 5 are joined, as shown in drawing 5 (b). 
Furthermore, proper **** of O ring 4 is carried out, and airtightness is realized. 
[0039] 

The plasma cutoff means 23 intercepts encroachment of the plasma, and can be prevented from 
making even O ring 4 reach like this 3rd operation gestalt ****** and the 1st operation gestalt. 
Moreover, it can produce cheaply with an easy configuration, and the maintenance of washing, 
exchange, etc. can be performed easily, if the clearance G between the top face of annular up 
edge 1c at the time of junction and a dielectric window part 5 side-attachment-wall side is 
narrowly made to 0.1mm or less also in this operation gestalt — raw gas — since — the 
generated active species also stops being able to permeate easily 
[0040] 

Although the plasma cutoff means 22 and 23 in the 2nd and 3rd operation gestalt mentioned 
above were formed with the metallic material, they may produce this with a shape memory alloy, 
may form a heater etc. in near, and they may start it so that the dielectric window part 5 may be 
contacted in the plasma cutoff means 22 and 23 at the time of operation. 
[0041] 

Moreover, in the operation gestalt of the 1st, and 2 and 3 mentioned above, since it be the 
dielectric window part 5 which the configuration part join even if it establish the plasma cutoff 
means 12, 22, and 23 inside O ring 4 ( processing chamber 1 side) become from glass, friction 
with the plasma cutoff means 12, 22, and 23 be small, and since it be hard to generate, particle 
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hardly affect it to the processed substrate 9. Moreover, generating of particle can be lessened 
more by choosing glass with a degree of hardness, or carrying out consolidation processing of 
the glass front face, or grinding so that a front face may become smooth further. 
[0042] 

Next the airtight maintenance means of the vacuum processor concerning the 4th operation 
gestalt is explained. As shown in drawing 6 , with this operation gestalt, coat 24a to which the 
raw gas which has invaded into the inside [ O ring / 4 /f / of internal-surface upper parts of 
annular up edge 1c of the processing chamber 1 / 1 / and / of annular up edge 1c following 
this ] top-face part, for example, active species, is made to stick by surface reaction 
(dissipation) is formed. Moreover, the same coat 24b as field 5a of the dielectric window part 5 
which stands face to face against coat 24a of annular up edge 1c at the time of junction is 
formed. 
[0043] 

It is the coat which functions as oxygen adsorption material, for example, when the processing 
chamber 1 is formed by stainless steel, a reaction factor (surface loss factor) with oxygen should 
be just larger than an equipment wall as a coat ingredient, and these coats 24a and 24b have 
aluminum (aluminum), a tantalum (Ta), or a desirable ingredient with a big surface loss factor 
called nickel (nickel). As the formation approach of these coats 24a and 24b, it may form with 
vacuum deposition or the spraying process sprayed directly may be used. Moreover, the 
clearance G between annular up edge 1c of the processing chamber at the time of junction and 
the dielectric window part 5 has a desirable clearance 0.1mm or less within the limits of 0- 
0.3mm. 
[0044] 

In membrane formation of an oxide film, by preparing coat 5a by the member with a surface loss 
factor higher than an equipment wall and the dielectric window part 5 in the trespass path of 
oxygen active species, oxygen active species is made to react or recombine on the front face of 
coat 5a, and it becomes possible with this operation gestalt to decrease the amount of the 
active species which reaches and reacts to O ring 4. 
[0045] 

Like the operation gestalt of the 1 st and 2 mentioned above also in this operation gestalt, plasma 
oxidation was given to the semi-conductor wafer and the fluorine atom consistency in silicon 
oxide checked having fallen compared with the former like the case where silicon oxide is 
formed. In addition, although the example applied to oxygen gas was explained, it is applicable 
here by choosing suitably the coat ingredient which carries out suitable similarly in other process 
gas. 
[0046] 

Next, the airtight maintenance means E of the vacuum processor concerning the 5th operation 

gestalt is explained. 

[0047] 

To O ring 4 inserted in annular up edge 1c of the processing chamber 1 as shown in drawing 7 , 
this operation gestalt uses a metallic film 25 for O ring 4 front face by the side of a vacuum, and 
forms plating or the sputtering method in it Since elastics modulus (expansion coefficient) differ, 
as for O ring 4 and a metallic film 25, a crack and peeling become easy to generate all the front 
faces of O ring 4 with a metallic film 25 at the time of a wrap and telescopic motion of O ring 4. 
Then, as for a metallic film 25, it is desirable to form in a part of O ring 4 front face. As an 
ingredient of a metallic film 25, an ingredient with the elasticity near O ring 4 (soft) is desirable in 
the semantics which prevents a crack. Copper, aluminum, or platinum can be considered as an 
ingredient of this metallic film 25. 
[0048] 

Since it was lost according to this operation gestalt that the plasma and active species touch 
directly to O ring 4, the high impurity concentration which pollutes the processed substrate 9 
can be reduced greatly, and can acquire effectiveness equivalent to the 1st operation gestalt 
mentioned above. In addition, this metallic film does not necessarily need to be based on a 
metallic material, and the impurity which is generated when the plasma and active species are 
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touched, and poses a problem should just form the coat by the ingredient which is not contained 
in the presentation. Since it is lost that the organic substance which constitutes O ring 4, and 
active species react by this, bleedoff of impurities, such as a fluorine and carbon, can be 
controlled and degradation of O ring 4 can be prevented. 
[0049] 

Next, drawing 8 is the cross-section block diagram showing the notional whole configuration of 
the optical processor using the xenon excimer lamp as 6th operation gestalt which applied the 
vacuum processor of this invention. Drawing 9 is drawing showing the cross-section 
configuration to which the airtight maintenance means of a vacuum processor was expanded, in 
addition, the same about a part equivalent to the 1st operation gestalt mentioned above by the 
configuration part of this operation gestalt here — it carries out with a reference mark and the 
explanation is omitted. 
[0050] 

This vacuum processor consists of the processing chamber 1 mentioned above, the exhaust air 
system 2, a gas feed system 3, O ring 4 for planning airtightness, the internal wall (light 
transmission window part) 31 by transparent quartz glass etc.. a xenon excimer lamp (a lamp is 
called hereafter) 32 arranged on the top face (chamber outside) of this light transmission window 
part 31, a top cover 7, and a lamp power source 33 for making a lamp 32 emit light. The 
processed substrate 9 is held at the pars basilaris ossis occipitalis in the processing chamber 1 , 
and the table 8 which has the processing temperature-control function of the processed 
substrate 9 is formed in it. Moreover, it has the gate which the carryingHn delivery volume of the 
processed substrate 9 does not illustrate. In this vacuum processor, annular up edge 1c of the 
processing chamber 1 and the light transmission window part 31 make O ring 4 intervene, and 
are realizing the airtight. 
[0051] 

After this vacuum processor exhausts the inside of the processing chamber 1 and reaches a 
predetermined degree of vacuum, it generates the oxygen ambient atmosphere of the pressure 
for which introducesOgas feed system 2 gas by three, and it asks, light (light energy) with a 
wavelength [ with a lamp 32 ] of 172nm is emitted to this oxygen ambient atmosphere, and the 
photolysis of the 02 gas is carried out — making — the inside of the processing chamber 1 
base — an atom and ozone are generated and the front face of the processed substrate 9 
heated by 300 degrees C on the table 8 is oxidized. 
[0052] 

In this configuration, the synchrotron orbital radiation from a lamp 32 will penetrate the light 
transmission window part 31, and will be irradiated by O ring 4. When it irradiates, O ring 4 
deteriorates by strong ultraviolet radiation. Furthermore, since oxygen active species is 
generated by this synchrotron orbital radiation also around O ring 4, O ring 4 and oxygen active 
species react, and impurities, such as carbon and a fluorine, are emitted from O ring 4. Then, this 
operation gestalt forms a gobo 34 on the optical path of the synchrotron orbital radiation which 
faces to O ring 4 from a lamp 32, and shades the synchrotron orbital radiation irradiated by O 
ring 4. This gobo 34 can consider a refractory metal etc. that what is necessary is to be able to 
shade synchrotron orbital radiation and to just be formed with the ingredient which does not 
dissolve with the heat of the light source. Of course, raw gas is not restricted to oxygen gas and 
can be applied to the raw gas which has corrosive [ which is used for processing of the 
membrane formation to the processed substrate 9, etching, diffusion, etc. ]. 
[0053] 

The optical processor of this operation gestalt can prepare a gobo on the optical path of a lamp 
32 and O ring 4, as shown in drawing 5 , it can lose that light is irradiated to O ring 4 and its 
neighborhood, and can prevent the reaction of O ring 4 and oxygen active species. 
[0054] 

Although this invention which more than explained can acquire effectiveness to all the 
equipments that use O ring 4 for the airtight maintenance means, it is most effective that a 
plasma consistency applies to a high part within equipment. Since the activity of airtight 
maintenance means other than O ring 4 is difficult for the part to which the dielectric window 
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part 5 shown in the operation gestalt of the 1st and 2 mentioned above and a processing 
chamber are joined as a means for being the part where a plasma consistency is the highest, and 
making it airtight the effectiveness of this invention is demonstrated most 
[0055] 

Moreover, in the vacuum processor about plasma treatment equipment, it cannot be based on 
the class of source of the plasma, but effectiveness can be acquired. Moreover, the energy for 
decomposing not only the plasma but material gas should just be supplied. 
[0056] 

Furthermore, also in the airtight maintenance means of the optical processor using the xenon 
excimer lamp as the light source, since the exposure of the light to O ring 4 was shaded, 
generating of active species, such as oxygen active species, can be controlled degradation of O 
ring 4 and near an O ring. [ by ultraviolet radiation ] 
[0057] 

Moreover, it can do [ applying to the lamp heat chamber carried in each annealer which used the 
incandescence ball, halogen lamp, and flash lamp other than an optical processor in this 
operation gestalt, and membrane formation equipments (CVD etc.), or ]. 
[0058] 

In addition, in each operation gestalt mentioned above, it is also possible to carry out combining 
each operation gestalt. 

As the 1 st example, as shown in drawing 10 (a), it prevents that intercept the plasma with the 
plasma cutoff means 1 2, adsorb active species with Coats 24a and 24b, and the plasma and 
active species reach O ring 4 by combining the plasma cutoff means 12 in the 1st operation 
gestalt, and the coats 24a and 24b which function as oxygen adsorption material in the 4th 
operation gestalt. 
[0059] 

As shown in drawing 10 (b), even if the plasma and active species which passed the plasma 
cutoff means 12 may reach O ring 4 as the 2nd example according to the configuration which 
combined O ring 4 of the plasma cutoff means 1 2 in the 1 st operation gestalt, and the 5th 
operation gestalt, degradation of O ring 4 can be prevented. Furthermore, even if the plasma and 
active species which have passed the plasma cutoff means 1 2 and Coats 24a and 24b combining 
the 5th operation gestalt to the 1st example may reach O ring 4, degradation of O ring 4 can be 
prevented. Similarly, the same effectiveness can be acquired if the 4th and 5th operation gestalt 
is combined also to the 2nd and 3rd operation gestalt, respectively. 
[0060] 

As the 3rd example, as shown in drawing 10 (c), it can prevent that adsorb the active species by 
the raw gas which occurred in the photolysis with Coats 24a and 24b, and active species 
reaches O ring 4 by combining the vacuum processor of the 6th operation gestalt, and the coats 
24a and 24b which function as oxygen adsorption material in the 4th operation gestalt. 
[0061] 

As shown in drawing 10 (d), even if the active species by the raw gas which occurred in the 
photolysis by combining the vacuum processor of the 6th operation gestalt and O ring 4 with 
which the metallic film 25 in the 5th operation gestalt was formed, for example, oxygen active 
species, may reach O ring 4 as the 4th example, degradation of O ring 4 can be prevented. 
Moreover, the 5th operation gestalt may be combined with the 3rd example. 
[0062] 

Although the above-mentioned operation gestalt explained the example which carries out the 
seal of the dielectric used as an electromagnetic wave passage aperture for generating the 
plasma airtightly, you may apply to the airtight maintenance means of the metal closing motion 
valve which a processed object is made to frequent. 
[0063] 

[Effect of the Invention] 

As explained in full detail above, according to this invention, the vacuum processor which 
prevents the breakage to the airtight maintenance lumber by the raw gas containing the oxygen 
active species used for the plasma generated under a vacuum ambient atmosphere or processing 
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can be offered. 

[Brief Description of the Drawings] 

[Drawing 1] It is the cross-section block diagram showing the notional whole configuration of the 
inductive-coupling mold plasma treatment equipment concerning the 1st operation gestalt which 
applied the vacuum processor of this invention. 

[Drawing 2] It is drawing showing the cross-section configuration to which a part for the airtight 
attaching part of the vacuum processor of the 1st operation gestalt was expanded. 
[Drawing 3] It is drawing showing the relation between the depth from the front face of the 
silicon oxide in the 1 st operation gestalt and a fluorine atom consistency. 

[Drawing 4] Drawing 4 (a) is drawing showing the cross-section configuration of the annular up 
edge of the processing chamber concerning the 2nd operation gestalt and drawing showing the 
cross-section structure in the condition that the annular up edge and the dielectric window part 
were joined to drawing 4 (b). 

[Drawing 5] Drawing and drawing 5 (b) which show the cross-section structure of the annular up 
edge of the processing chamber which drawing 5 (a) requires for the 3rd operation gestalt are 
drawing showing the cross-section structure in the condition that the annular up edge and the 
dielectric window part were joined. 

[Drawin g 6] It is drawing for explaining the airtight maintenance means of the vacuum processor 
concerning the 4th operation gestalt. 

[Drawing 7] It is drawing for explaining the airtight maintenance means of the vacuum processor 
concerning the 5th operation gestalt. 

[Drawing 8] It is cross-section structural drawing showing the notional whole configuration of the 
optical processor using the xenon excimer lamp concerning the 6th operation gestalt which 
applied the vacuum processor of this invention. 

[Drawing 9] It is drawing showing the cross-section structure to which a part for the airtight 

maintenance hand part of the vacuum processor in drawing 8 was expanded. 

[Drawing 10] It is drawing showing the example of a configuration which combined the 1st 

thru/or 6th operation gestalt. 

[Description of Notations] 

! _ processing chamber and 1a— an exhaust port, a 1b— gas inlet, a 1c— annular up edge, and 
1 d— a circular sulcus, 2 — exhaust air system, 3 — gas feed system, and 4 — an O ring, the 
interior wall (dielectric window part) of 5 — , the coil for 6 — plasma production, and 7 — a top 
cover, 8 — table (lower electrode), 9 — substrate, and 10 — an adjustment machine, 11 — RF 
genera tor, and 1 2 — plasma cutoff means. 
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TECHNICAL FIELD 



[Field of the Invention] 

This invention relates [ be / it / under / tight container / setting ] to the processor and plasma 

equipment which perform plasma treatment, processing by photoactivation gas, etc. 

[0002] 
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PRIOR ART 



[Description of the Prior Art] 

Generally, in order to manufacture a semiconductor device, plasma-CVD (Chemical Vapor 
Deposition) equipment, a sputtering system, an etching system, etc. are used, and membrane 
formation and etching are performed by the plasma treatment in a vacuum. This vacuum is made 
by the airtight processing chamber in which the exhaust air system was prepared, and is. This 
processing chamber is formed in box-like by being made from aluminum or stainless steel, and 
the delivery device for performing delivery with the conveyance system of the gas feed system 
for introducing the electrode for plasma generating, process gas, etc., the semi-conductor 
substrate (wafer) taken out from the exterior in carrying in or the exterior, or the substrate for 
displays etc. is prepared in that interior. Moreover, two or more openings, such as a port for 
connecting the gate and the exhaust air system for a conveyance system, are prepared in the 
processing chamber. 
[0003] 

When attaching a configuration part in these openings, respectively, in order to give airtightness, 
it is attached on both sides of the member for airtight maintenance (seal member). As this 
member for airtight maintenance, the O ring which consists of a metallic gasket, rubber, etc. is 
mainly used. A metallic gasket is used for the flange junction to a processing chamber among 
these in many cases. Although airtightness is high and has endurance also to heat or raw gas 
(corrosive gas and the gas of oxygen active species are included), since this metallic gasket 
cannot be used repeatedly, it is that it is thrown away. On the other hand, the O ring is used as 
an airtight sealant, in case the gate lid and viewing port (glass) which are opened and closed 
each time are attached in a processing chamber as an aperture, in order to take a wafer in and 
out. That is, it is used to the part which cannot use metallic gaskets opened and closed 
repeatedly, such as a part and glass. 
[0004] 

[Patent reference 1] 

JP.5-315262.A (paragraph number [0012] - [0015]), 
[0005] 

[Patent reference 2] 

JP,5-315261,A (paragraph number [0013]), 
[0006] 

[Patent reference 3] 

A JP,2002-217137,A official report, -(paragraph number [0014) [0018 
[0007] 

[Patent reference 4] 

A JP,2002-164685,A official report, (paragraph number [0015) [0020 
[0008] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

As explained in full detail above, according to this invention, the vacuum processor which 
prevents the breakage to the airtight maintenance lumber by the raw gas containing the oxygen 
active species used for the plasma generated under a vacuum ambient atmosphere or processing 
can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

The O ring mentioned above can be repeatedly used as a seal member, and since it is cheap, it is 
used abundantly at the vacuum processor. However, in substrate processing, when the oxygen 
active species (here an oxygen atom or ozone etc.) generated with raw gas, for example, oxygen 
gas, in plasma treatment or a gas ambient atmosphere are contained, an O ring is exposed to the 
plasma or oxygen active species, the front face of an O ring reacts chemically, and an O ring 
deteriorates. Moreover, since impurities, such as carbon and a fluorine, are emitted into a 
processing ambient atmosphere from an O ring with this reaction, there is a possibility that an 
impurity may permeate in a processed substrate. In usual oxidation treatment and etching 
processing, reactant gas including oxygen gas is used in many cases. As this cure, although the 
O ring of corrosion resistance can also be used, it is a large sum and product cost will be 
affected. 
[0009] 

A crevice is prepared inside the location in which the O ring was attached by the processing 
chamber body in the patent reference 1 there, and this crevice and the heights which fit in are 
prepared in the configuration part side to attach. When this configuration part is attached in a 
processing chamber body, a crevice and heights fit in, and it is devised so that raw gas and the 
plasma may be surroundings-lump-hard and may become. Moreover, by arranging cutoff parts, 
such as a fluororesin, inside an O ring, the patent reference 2 has proposed the technique of 
preventing degradation of an O ring, as the plasma and raw gas did not contact an O ring. 
[0010] 

Generally, the clearance between configuration parts for an O ring to perform airtight 
maintenance is supposed that about 0.1 -0.3mm carries out suitable. However, there is change of 
the clearance by the curvature and distortion which were generated in a part for a joint by 
change of the clearance by degree-of-hardness change of the O ring by aging, the hysteresis of 
the heat in a processor, etc. By change of this clearance, these plasma and raw gas turn to a 
clearance, infiltrate into it, and reach to an O ring. 
[0011] 

Moreover, the patent reference 3 is indicating the technique of maintaining the optimal clearance 
using a resin stopper so that an O ring may be crushed moderately and airtightness can be 
maintained. If the stopper which consists of a resin ingredient currently indicated is exposed to 
the plasma or raw gas (active species), since he can consider reacting and emitting the organic 
substance, the clearance which prevents encroachment of the plasma or raw gas is specified. 
C0012] 

However, in recent years, optical high processing of energy is used strongly [ the high density 
plasma or exposure reinforcement ] from want to high integration of a device, or improvement in 
the speed of processing speed, and the plasma and light have trespassed also upon the about 
0.1 -0.3mm clearance considered to be the optimal at the former. 

As what prevents encroachment of this plasma, the configuration parts (for example, a 
processing chamber and a lid) which arrange dip coiled spring to the periphery side of an O ring, 
and are joined are electrically connected to the patent reference 4, and the technique of 
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performing magnetic shielding is indicated. Since- dip coiled spring is arranged at the periphery 
side of an O ring and an O ring exists in a plasma side (inside), it is possible that the O ring is 
exposed to the plasma with this patent reference 4. 
[0013] 

Then, this invention aims at offering the processor and plasma equipment which prevent the 
breakage to the airtight maintenance means by the raw gas containing the active species used 
for the plasma generated under a vacuum ambient atmosphere, or processing. 
[0014] 
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MEANS 



[Means for Solving the Problem] 

The tight container which generates the plasma within the ambient atmosphere of the introduced 
raw gas in order that this invention may attain the above-mentioned object The airtight 
maintenance means for being placed between closure face-to-face with the dielectric window 
part attached as the whole surface of said tight container, and holding an airtight condition, and 
on said closure side It is prepared in the interior side of said tight container rather than the 
location in which said airtight maintenance means was formed, and the processor which comes 
to provide the plasma cutoff means fabricated by the configuration which consists of a 
conductive ingredient and has stability is offered. 
[0015] 

Moreover, it is the configuration and any one ** which said plasma cutoff means was formed of 
the conductive member, and used as the configuration which the configuration made said 
conductive member thin band-like, and was wound around the spiral, the configuration which 
made said conductive member thin band-like, and was cast crosswise annular [ with bending ], 
the configuration which used said conductive member as lead wire, and was wound around the 
solenoid coil configuration, or said lead wire, and were knit up into tubed. 
[0016] 

Furthermore, the plasma equipment which comes to provide the tight container which generates 
the plasma, the wall in which a part of container wall surface which constitutes this tight 
container is prepared airtightly free [ attachment and detachment ], the O ring which carries out 
the seal of the opposite section of this wall and said container wall surface airtightly, and the 
plasma cutoff means established inside [ said / chamber ] this O ring is offered. 
[0017] 

The above processors and plasma equipment of a configuration form the airtight maintenance 
means which consists of an O ring the plasma cutoff means which consists of a conductive 
member of the configuration which has stability in a processing chamber side, intercept that the 
active species generated by the plasma and raw gas reaches to an O ring, and bleedoff of an 
impurity and degradation of an O ring are prevented. 
[0018] 

[Embodiment of the Invention] 

Hereafter, the operation gestalt of this invention is explained to a detail with reference to a 
drawing. 

Drawing 1 is the sectional view showing the notional whole configuration of inductive-coupling 
mold plasma treatment equipment as 1st operation gestalt which applied the processor of this 
invention. Drawing 2 is drawing showing the cross-section configuration to which a part for the 
airtight attaching part of a vacuum processor was expanded. 
[0019] 

The gas feed system 3 which this vacuum processor is connected with the processing chamber 
1 which consists of aluminum, stainless steel, etc., and the exhaust air system 2 connected to 
exhaust port 1a of the processing chamber 1 at gas inlet 1b, and introduces raw gas, purge gas, 
etc. into a tight container 1, for example, a processing chamber, is established. Opening of the 
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top face of this processing chamber 1 is carried out and a round is covered, 1d of circular sulci 
is formed in that annular up edge 1c f and as an airtight maintenance means, 0 ring 4 which 
consists of a rubber ingredient is exposed to 1d of this circular sulcus in part, and is inserted in 
it When the hermetic seal (closure) of this exposure is carried out it is spacing in which 
Clearance G is formed. 
[0020] 

Furthermore, the internal wall (dielectric window part) 5 formed with dielectrics, such as glass, is 
attached so that O ring 4 may be crushed proper to annular up edge 1c of the processing 
chamber 1 and it may become airtight to it The coil 6 (up electrode) for plasma production is 
arranged on the top face (chamber outside) of this dielectric window part 5. Furthermore, the top 
cover 7 is attached above the dielectric window part 5 so that the coil 6 for plasma production 
may be covered. It may attach so that a lid 7 may besides press the dielectric window part 5, 
and you may make it function as crushing O ring 4 of annular up edge 1c proper, and giving the 
airtightness in the processing chamber 1. The table (lower electrode) 8 which has the function to 
hold the processed substrates 9, such as a semi-conductor wafer and a substrate for displays, 
and to perform the temperature control of this processed substrate 9 is formed in the pars 
basilaris ossis occipitalis in the processing chamber 1. 

[0021] ' - 

Carryingrin appearance of this processed substrate 9 is carried out through the gate in which 
the side attachment wall of the processing chamber 1 was prepared and which is not illustrated. 
Or switching operation of the dielectric window part 5 is carried out, and the processed 
substrate 9 can also take the processed substrate 9 in and out of the upper part. The coil 6 for 
plasma production mentioned above is connected to RF generator 11 which outputs 13.56MHz 
high-frequency power through the adjustment machine 10. In addition, in the following 
explanation, the wall side (or processing room side) of the processing chamber 1 called the 
inside, and has called the outside the outer wall side of the processing chamber 1. 

c° 022 i . _ , 

The waveguide connected to the microwave power source for generating the plasma can also De 

formed in the top face (chamber outside) of the dielectric window part 5. 

[0023] 

Although this processor explains as an example the plasma membrane formation processor 
(CVD) which forms an oxide film, of course, it is not limited to this, and applies and is effective in 
the airtight maintenance means by O ring 4 of the processor by the plasma and/, or reactant 
gas. As a processor which has an airtight maintenance means, there are plasma-CVD equipment, 
a heat CVD system, a photon assisted CVD system, a sputtering system, an etching system, 
Usher equipment, etc., for example. 
[0024] 

Next, the airtight maintenance means A shown in drawing 2 is explained. 
When the periphery section of the dielectric window part 5 and annular up edge 1c of the 
processing chamber 1 opposite-**, the hermetic seal of this airtight maintenance means A is 
carried out Circular-sulcus 1e same inside 1d of circular sulci in which O ring 4 of this annular 
up edge 1c was inserted (processing room side) is formed. When the hermetic seal of the plasma 
cutoff means 12 formed in the configuration which has stability like a spring with a conductive 
ingredient is carried out, it is inserted in this circular-sulcus 1e so that it may expose in part. 
This plasma cutoff means 12 consists of conductive members, such as an ingredient, for 
example, a metal etc., which is not corroded by the plasma which contacts. What rolled the 
metaled thin long and slender (band-like) steel plate in the shape of a spiral as a configuration of 
a plasma cutoff means may be used, and you may knit up into the thing which coiled lead wire 
around the solenoid coil configuration, or tubed. 
[0025] 

As a metal of this plasma cutoff means 1 2, stainless steel, aluminum, copper, iron, etc. these 
alloys, etc. are assumed. Moreover, surface treatment of corrosion-proof may be performed to 
these metals and alloys. The same is said of the conductive part which can set the following 
operation gestalten. 
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[0026] 

When the dielectric window part 5 and annular up edge 1c are joined, the plasma cutoff means 12 
contacts these both, and if airtightness is realized when an O ring is crushed, the width of face 
of Clearance G will not be limited. However, the width of face of this clearance G reaches [ the 
plasma permeates to the plasma cutoff means 12, and ] for example, has a desirable clearance 
0.1mm or less. 
[0027] 

Next, the example of down stream processing is explained. As a processed object substrate 9, 
for example, a semi-conductor wafer is carried in in the processing chamber 1, and is laid on a 
table 8. Then, after the exhaust air system 2 exhausts atmospheric air and purge gas in the 
processing chamber 1 and reaches the set-up degree of vacuum, it introduces oxygen gas (02) 
as raw gas from a gas feed system 3, and forms the oxygen ambient atmosphere maintained by 
the predetermined pressure. Subsequently, high-frequency power is switched on in the 
processing chamber 1 through the dielectric window part 5 from the coil 6 for plasma production, 
and the plasma of an oxygen ambient atmosphere is generated. By this plasma, the active 
species generated from raw gas occurs. In addition, as this raw gas, activated gas, such as 
oxygen gas, and the reactant gas which has corrosive [ which is used for RIE etc. ] shall also be 
included. In the following operation gestalten, although oxidation treatment by the active species 
(oxygen active species) generated by oxygen gas is explained as an example, it is not limited to 
this. Here, oxygen active species is taken as oxygen active species including the active species 
of others containing not only active oxygen but oxygen ion (0+, 02+), or ozone and an oxygen 
atom. 
[0028] 

By furthermore heating a semi-conductor wafer at about 300 degrees C, plasma oxidation of the 
silicon of a semi-conductor wafer is carried out. In this oxidation treatment, silicon oxide with a 
depth (thickness) of about 6nm is formed from a front face of the processing time for about 30 
minutes. 
[0029] 

To this silicon oxide, using SIMS (Secondary Ion Mass spectroscopy:ion [ secondary ] mass 
spectrometry), the amount of fluorines in silicon oxide is measured, the plasma cutoff means 12 
is not established like the example which prepared the plasma cutoff means 12 and the O ring 
like this operation gestalt, and before, but the example only by the O ring is explained. As a 
measurement result, the relation between the depth from the front face of silicon oxide with a 
thickness of 6nm and a fluorine atom consistency is shown in drawing 3 . 
[0030] 

According to this drawing 3 , in the example which did not establish the plasma cutoff means 1 2 
only with conventional O ring 4, many fluorines contain in silicon oxide until the depth of the 
silicon oxide formed as shown by the dotted line exceeds 5nm. On the other hand, in the 
example which established the plasma cutoff means 1 2 by this operation gestalt, it became clear 
that a fluorine atom consistency became three or less 1019 atoms/cm also on a front face, and 
was decreasing double figures compared with the former as shown by the continuous line. 
[0031] 

According to this operation gestalt, it can prevent that the plasma and raw gas affect it to O ring 
4 as mentioned above by arranging the plasma cutoff means 12 which consists of a conductive 
member of the configuration which has stability inside O ring 4. If it pulls, impurities generated 
from O ring 4, such as carbon and a fluorine, can prevent permeating into the processed 
substrate 9. Furthermore, the plasma cutoff means 12 prevents being spread in the processing 
chamber 1, even if impurities, such as carbon and a fluorine, are generated from O ring 4. 
Moreover, if the organic substance is used for the ingredient of the plasma cutoff means 12, 
when exposed to the plasma, bleedoff of an impurity will pose a problem, but bleedoff of an 
impurity can be prevented if the ingredient is a metal (conductor). Furthermore, since the 
metallic material is thermally more stable, the temperature of the processed substrate 9 is 
desirable to oxidation treatment which is about 300 degrees C. 
[0032] 
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Next the airtight maintenance means 12 in the vacuum processor concerning the 2nd operation 
gestalt is explained. Drawing 4 (a) is drawing in which showing the cross-section structure of 
annular up edge 1c of the processing chamber 1, and showing the cross-section structure of the 
airtight maintenance means B in the condition that annular up edge 1c and the opposite section 
of the dielectric window part 5 were joined to drawing 4 (b). As an equipment configuration, it is 
equivalent to the configuration shown in drawing 1 in the configuration except being illustrated, 
moreover, the same about a part equivalent to the 1st operation gestalt mentioned above by the 
configuration part of this operation gestalt — it carries out with a reference mark and the 
explanation is omitted. 
[0033] 

As shown in drawing 4 (a), O ring 4 and the plasma cutoff means 22 are arranged at annular up 
edge 1c of the processing chamber 1. Inside the slot in which O ring 4 was inserted, a round of 
annular up edge 1 c is covered, and the annular slit 21 is formed. The plasma cutoff means 22 is 
formed in band-like like a flat spring with the sheet metal which consists of a metallic material, 
and it bends and it is fabricated so that it may insert crosswise [ the ] with beam section 22a 
and may have section 22b in it. Plug partial 22b of this plasma cutoff means 22 covers a round, 
and is airtightly inserted in the annular slit 21. If the thickness of this sheet metal is thickness 
which has stability like a spring, its thinner one is good. 
[0034] 

And it contacts that there is no clearance in the dielectric window part 5, beam section 22a of 
the plasma cutoff means 22 being pushed on the dielectric window part 5, and bending, when 
annular up edge 1 c and the dielectric window part 5 are joined, as shown in drawing 4 (b). With 
this, O ring 4 is crushed proper and airtightness is realized. 
[0035] 

The plasma cutoff means 22 intercepts the plasma and the plasma can be prevented from 
making it reach even to O ring 4 like this 2nd operation gestalt ****** and the 1st operation 
gestalt. It can prevent carbon, fluorine gas, etc. occurring from an O ring by this, and being 
spread in the processing chamber 1 . Moreover, it can produce cheaply with an easy 
configuration, and the maintenance of washing, exchange, etc. can be performed easily, 
furthermore — if it is narrow, for example, the clearance G between annular up edge 1c at the 
time of junction and the dielectric window part 5 is made to 0.1mm or less — raw gas since - 
- the generated active species also stops being able to permeate easily 
[0036] 

Next, the airtight maintenance means of the vacuum processor concerning the 3rd operation 
gestalt is explained. Drawing 5 (a) shows the cross-section structure of the annular up edge of a 
processing chamber, and drawing 5 (b) is drawing showing the cross-section structure of the 
airtight attaching part part C in the condition that annular up edge 1c and the dielectric window 
part 5 were joined, in addition, the same about a part equivalent to the 1 st operation gestalt 
mentioned above by the configuration part of this operation gestalt here — it carries out with a 
reference mark and the explanation is omitted. 
[0037] 

As shown in drawing 5 (a), O ring 4 and the plasma cutoff means 23 are arranged at annular up 
edge 1c of the processing chamber 1. Crosswise, this plasma cutoff means 23 uses drawing 
molding and press molding for annular [ which consists of beam section 23a and installation 
section 23b ], and is produced. It is arranged inside O ring 4, installation section 23b is airtightly 
fixed to the Zagury part 24 of annular up edge 1c, and this plasma cutoff means 23 is in the 
condition that beam section 23a started up. 
[0038] 

It is made to contact that there is no clearance in the dielectric window part 5, beam section 
23a of the plasma cutoff means 23 being pushed on the dielectric window part 5, and bending, 
when annular up edge 1c and the dielectric window part 5 are joined, as shown in drawing 5 (b). 
Furthermore, proper **** of O ring 4 is carried out, and airtightness is realized. 
[0039] 

The plasma cutoff means 23 intercepts encroachment of the plasma, and can be prevented from 
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making even O ring 4 reach like this 3rd operation gestalt * ** * ** and the 1 st operation gestalt 
Moreover, it can produce cheaply with an easy configuration, and the maintenance of washing, 
exchange, etc. can be performed easily, if the clearance G between the top face of annular up 
edge 1c at the time of junction and a dielectric window part 5 side-attachment-wall side is 
narrowly made to 0.1mm or less also in this operation gestalt — raw gas — since the 
generated active species also stops being able to permeate easily 
[0040] 

Although the plasma cutoff means 22 and 23 in the 2nd and 3rd operation gestalt mentioned 
above were formed with the metallic material, they may produce this with a shape memory alloy, 
may form a heater etc. in near, and they may start it so that the dielectric window part 5 may be 
contacted in the plasma cutoff means 22 and 23 at the time of operation. 
[0041] 

Moreover, in the operation gestalt of the 1 st and 2 and 3 mentioned above, since it be the 
dielectric window part 5 which the configuration part join even if it establish the plasma cutoff 
means 12, 22, and 23 inside O ring 4 ( processing chamber 1 side) become from glass, friction 
with the plasma cutoff means 12, 22, and 23 be small, and since it be hard to generate, particle 
hardly affect it to the processed substrate 9. Moreover, generating of particle can be lessened 
more by choosing glass with a degree of hardness, or carrying out consolidation processing of 
the glass front face, or grinding so that a front face may become smooth further. 
[0042] 

Next, the airtight maintenance means of the vacuum processor concerning the 4th operation 
gestalt is explained. As shown in drawing 6 , with this operation gestalt, coat 24a to which the 
raw gas which has invaded into the inside [ O ring / 4 /f / of internal-surface upper parts of 
annular up edge 1c of the processing chamber 1 / 1 / and / of annular up edge 1c following 
this ] top-face part, for example, active species, is made to stick by surface reaction 
(dissipation) is formed. Moreover, the same coat 24b as field 5a of the dielectric window part 5 
which stands face to face against coat 24a of annular up edge 1c at the time of junction is 
formed. 
[0043] 

It is the coat which functions as oxygen adsorption material, for example, when the processing 
chamber 1 is formed by stainless steel, a reaction factor (surface loss factor) with oxygen should 
be just larger than an equipment wall as a coat ingredient, and these coats 24a and 24b have 
aluminum (aluminum), a tantalum (Ta), or a desirable ingredient with a big surface loss factor 
called nickel (nickel). As the formation approach of these coats 24a and 24b, it may form with 
vacuum deposition or the spraying process sprayed directly may be used. Moreover, the 
clearance G between annular up edge 1c of the processing chamber at the time of junction and 
the dielectric window part 5 has a desirable clearance 0.1mm or less within the limits of 0- 
0.3mm. 
[0044] 

In membrane formation of an oxide film, by preparing coat 5a by the member with a surface loss 
factor higher than an equipment wall and the dielectric window part 5 in the trespass path of 
oxygen active species, oxygen active species is made to react or recombine on the front face of 
coat 5a, and it becomes possible with this operation gestalt to decrease the amount of the 
active species which reaches and reacts to O ring 4. 
[0045] 

Like the operation gestalt of the 1st and 2 mentioned above also in this operation gestalt plasma 
oxidation was given to the semi-conductor wafer and the fluorine atom consistency in silicon 
oxide checked having fallen compared with the former like the case where silicon oxide is 
formed. In addition, although the example applied to oxygen gas was explained, it is applicable 
here by choosing suitably the coat ingredient which carries out suitable similarly in other process 
gas. 
[0046] 

Next the airtight maintenance means E of the vacuum processor concerning the 5th operation 
gestalt is explained. 
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[0047] 

To O ring 4 inserted in annular up edge 1 c of the processing chamber 1 as shown in drawing 7 , 
this operation gestalt uses a metallic film 25 for O ring 4 front face by the side of a vacuum, and 
forms plating or the sputtering method in it. Since elastics modulus (expansion coefficient) differ, 
as for O ring 4 and a metallic film 25, a crack and peeling become easy to generate all the front 
faces of O ring 4 with a metallic film 25 at the time of a wrap and telescopic motion of O ring 4. 
Then, as for a metallic film 25, it is desirable to form in a part of O ring 4 front face. As an 
ingredient of a metallic film 25, an ingredient with the elasticity near O ring 4 (soft) is desirable in 
the semantics which prevents a crack. Copper, aluminum, or platinum can be considered as an 
ingredient of this metallic film 25. 
[0048] 

Since it was lost according to this operation gestalt that the plasma and active species touch 
directly to O ring 4, the high impurity concentration which pollutes the processed substrate 9 
can be reduced greatly, and can acquire effectiveness equivalent to the 1 st operation gestalt 
mentioned above. In addition, this metallic film does not necessarily need to be based on a 
metallic material, and the impurity which is generated when the plasma and active species are 
touched, and poses a problem should just form the coat by the ingredient which is not contained 
in the presentation. Since it is lost that the organic substance which constitutes O ring 4, and 
active species react by this, bleedoff of impurities, such as a fluorine and carbon, can be 
controlled and degradation of O ring 4 can be prevented. 
[0049] 

Next, drawing 8 is the cross-section block diagram showing the notional whole configuration of 
the optical processor using the xenon excimer lamp as 6th operation gestalt which applied the 
vacuum processor of this invention. Drawing 9 is drawing showing the cross-section 
configuration to which the airtight maintenance means of a vacuum processor was expanded, in 
addition, the same about a part equivalent to the 1st operation gestalt mentioned above by the 
configuration part of this operation gestalt here — it carries out with a reference mark and the 
explanation is omitted. 
[0050] 

This vacuum processor consists of the processing chamber 1 mentioned above, the exhaust air 
system 2, a gas feed system 3, O ring 4 for planning airtightness, the internal wall (light 
transmission window part) 31 by transparent quartz glass etc., a xenon excimer lamp (a lamp is 
called hereafter) 32 arranged on the top face (chamber outside) of this light transmission window 
part 31, a top cover 7, and a lamp power source 33 for making a lamp 32 emit light. The 
processed substrate 9 is held at the pars basilaris ossis occipitalis in the processing chamber 1, 
and the table 8 which has the processing temperature-control function of the processed 
substrate 9 is formed in it. Moreover, it has the gate which the carryingHn delivery volume of the 
processed substrate 9 does not illustrate. In this vacuum processor, annular up edge 1c of the 
processing chamber 1 and the light transmission window part 31 make O ring 4 intervene, and 
are realizing the airtight 
[0051] 

After this vacuum processor exhausts the inside of the processing chamber 1 and reaches a 
predetermined degree of vacuum, it generates the oxygen ambient atmosphere of the pressure 
for which introducesOgas feed system 2 gas by three, and it asks, light (light energy) with a 
wavelength [ with a lamp 32 ] of 172nm is emitted to this oxygen ambient atmosphere, and the 
photolysis of the 02 gas is carried out — making — the inside of the processing chamber 1 
base — an atom and ozone are generated and the front face of the processed substrate 9 
heated by 300 degrees C on the table 8 is oxidized. 
[0052] 

In this configuration, the synchrotron orbital radiation from a lamp 32 will penetrate the light 
transmission window part 31, and will be irradiated by O ring 4. When it irradiates, O ring 4 
deteriorates by strong ultraviolet radiation. Furthermore, since oxygen active species is 
generated by this synchrotron orbital radiation also around O ring 4, O ring 4 and oxygen active 
species react, and impurities, such as carbon and a fluorine, are emitted from O ring 4. Then, this 
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operation gestalt forms a gobo 34 on the optical path of the synchrotron orbital radiation which 
faces to O ring 4 from a lamp 32, and shades the synchrotron orbital radiation irradiated by O 
ring 4. This gobo 34 can consider a refractory metal etc. that what is necessary is to be able to 
shade synchrotron orbital radiation and to just be formed with the ingredient which does not 
dissolve with the heat of the light source. Of course, raw gas is not restricted to oxygen gas and 
can be applied to the raw gas which has corrosive [ which is used for processing of the 
membrane formation to the processed substrate 9, etching, diffusion, etc. ]. 
[0053] 

The optical processor of this operation gestalt can prepare a gobo on the optical path of a lamp 
32 and O ring 4, as shown in drawing 5 , it can lose that light is irradiated to O ring 4 and its 
neighborhood, and can prevent the reaction of O ring 4 and oxygen active species. 
[0054] 

Although this invention which more than explained can acquire effectiveness to all the 
equipments that use O ring 4 for the airtight maintenance means, it is most effective that a 
plasma consistency applies to a high part within equipment. Since the activity of airtight 
maintenance means other than O ring 4 is difficult for the part to which the dielectric window 
part 5 shown in the operation gestalt of the 1 st and 2 mentioned above and a processing 
chamber are joined as a means for being the part where a plasma consistency is the highest, and 
making it airtight, the effectiveness of this invention is demonstrated most. 
[0055] 

Moreover, in the vacuum processor about plasma treatment equipment, it cannot be based on 
the class of source of the plasma, but effectiveness can be acquired. Moreover, the energy for 
decomposing not only the plasma but material gas should just be supplied. 
[0056] 

Furthermore, also in the airtight maintenance means of the optical processor using the xenon 
excimer lamp as the light source, since the exposure of the light to O ring 4 was shaded, 
generating of active species, such as oxygen active species, can be controlled degradation of O 
ring 4 and near an O ring. [ by ultraviolet radiation ] 
[0057] 

Moreover, it can do [ applying to the lamp heat chamber carried in each annealer which used the 
incandescence ball, halogen lamp, and flash lamp other than an optical processor in this 
operation gestalt, and membrane formation equipments (CVD etc.), or ]. 
[0058] 

In addition, in each operation gestalt mentioned above, it is also possible to carry out combining 
each operation gestalt. 

As the 1 st example, as shown in drawing 10 (a), it prevents that intercept the plasma with the 
plasma cutoff means 12, adsorb active species with Coats 24a and 24b, and the plasma and 
active species reach O ring 4 by combining the plasma cutoff means 12 in the 1st operation 
gestalt, and the coats 24a and 24b which function as oxygen adsorption material in the 4th 
operation gestalt. 
[0059] 

As shown in drawing 10 (b), even if the plasma and active species which passed the plasma 
cutoff means 12 may reach O ring 4 as the 2nd example according to the configuration which 
combined O ring 4 of the plasma cutoff means 12 in the 1st operation gestalt, and the 5th 
operation gestalt, degradation of O ring 4 can be prevented. Furthermore, even if the plasma and 
active species which have passed the plasma cutoff means 1 2 and Coats 24a and 24b combining 
the 5th operation gestalt to the 1st example may reach O ring 4, degradation of O ring 4 can be 
prevented. Similarly, the same effectiveness can be acquired if the 4th and 5th operation gestalt 
is combined also to the 2nd and 3rd operation gestalt, respectively. 
[0060] 

As the 3rd example, as shown in drawing 1 0 (c), it can prevent that adsorb the active species by 
the raw gas which occurred in the photolysis with Coats 24a and 24b, and active species 
reaches O ring 4 by combining the vacuum processor of the 6th operation gestalt, and the coats 
24a and 24b which function as oxygen adsorption material in the 4th operation gestalt. 
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[0061] 

As shown in drawing 10 (d) t even if the active species by the raw gas which occurred in the 
photolysis by combining the vacuum processor of the 6th operation gestalt and O ring 4 with 
which the metallic film 25 in the 5th operation gestalt was formed, for example, oxygen active 
species, may reach O ring 4 as the 4th example, degradation of O ring 4 can be prevented. 
Moreover, the 5th operation gestalt may be combined with the 3rd example. 
[0062] 

Although the above-mentioned operation gestalt explained the example which carries out the 
seal of the dielectric used as an electromagnetic wave passage aperture for generating the 
plasma airtightly, you may apply to the airtight maintenance means of the metal closing motion 
valve which a processed object is made to frequent. 
[0063] 



[Translation done.] 
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precisely. 

2.**** shows the word which can not be translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross-section block diagram showing the notional whole configuration of the 
inductive-coupling mold plasma treatment equipment concerning the 1st operation gestalt which 
applied the vacuum processor of this invention. 

[Drawing 2] It is drawing showing the cross-section configuration to which a part for the airtight 
attaching part of the vacuum processor of the 1 st operation gestalt was expanded. 
[Drawing 3] It is drawing showing the relation between the depth from the front face of the 
silicon oxide in the 1 st operation gestalt, and a fluorine atom consistency. 

[Drawing 4] Drawing 4 (a) is drawing showing the cross-section configuration of the annular up 
edge of the processing chamber concerning the 2nd operation gestalt, and drawing showing the 
cross-section structure in the condition that the annular up edge and the dielectric window part 
were joined to drawing 4 (b). 

[Drawing 5] Drawing and drawing 5 (b) which show the cross-section structure of the annular up 
edge of the processing chamber which drawing 5 (a) requires for the 3rd operation gestalt are 
drawing showing the cross-section structure in the condition that the annular up edge and the 
dielectric window part were joined. 

[Drawing 6] It is drawing for explaining the airtight maintenance means of the vacuum processor 
concerning the 4th operation gestalt. 

[Drawing 7] It is drawing for explaining the airtight maintenance means of the vacuum processor 
concerning the 5th operation gestalt. 

[Drawing 8] It is cross-section structural drawing showing the notional whole configuration of the 
optical processor using the xenon excimer lamp concerning the 6th operation gestalt which 
applied the vacuum processor of this invention. 

[Drawing 9] It is drawing showing the cross-section structure to which a part for the airtight 

maintenance hand part of the vacuum processor in drawing 8 was expanded. 

[Drawing 10] It is drawing showing the example of a configuration which combined the 1 st 

thru/or 6th operation gestalt. 

[Description of Notations] 

1 — processing chamber and 1a — an exhaust port, a 1b — gas inlet, a 1c — annular up edge, and 
1d — a circular sulcus, 2 — exhaust air system, 3 — gas feed system, and 4 — an O ring, the 
interior wall (dielectric window part) of 5 — , the coil for 6 — plasma production, and 7 — a top 
cover, 8 — table (lower electrode), 9 — substrate, and 10 — an adjustment machine, 11 — RF 
generator, and 12 — plasma cutoff means. 
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DRAWINGS 
[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 9] 
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[Drawing 10] 
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[sisfrfi 9 ] 

1 0 ] 

# * £ ft & t , 

t t & & £ t fc -r * x ? x-?mw<, 

[0 0 0 1 ] 

[s&IEOJi-t 

s & t x 7 x -7 £ fi k m -r a o 

[0 0 0 2] 

[*£*<7>ft%] 

— ^m^M.'t^Tk-t&tztbK, •BHlx.JfX^XvC VD (Chemical Va 
por Deposition) * U > Xgfi, i7f >mf ^ffl^t 

, *£4>&::j3tf &XvX-7#ygK «): ijjftlR-^Jiyf' >X**trto*tTv>£o £?)*^'±. # 

[0 0 0 3 ] 

■ * 9 frit 7>*r v Y ^ JAf *^)J4 O 'J V ^ l ±t LT/flV> ?>ntv>4 e ClttfjO^ 

^^JVS'^T-y itlf t 7 7 > ^Cffl v> f, tl4l^ s #^o £<7>^ 

* fritTs^rv Y fi> »aMft**jl5 < . f^M*** **tr 

4otv4. ou>xt*> ^^^^thLXix-r&tztbK^(7)^m.mm-r^r~ 

[0 0 0 4 ] 

5 - 3 1 5 2 6 2 ffii, (J£ f^-if" [0012] ~ [0015] ) 
[0 0 0 5 ] 

#H¥5-3i526i [0013] ) 

[0 0 0 6 ] 
[#1^ 3 ] 

#H 2002-217137 [0014) - [0018) ) 

[0 0 0 7 ] 
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»H 2 0 0 2 - 1 6 4'6 8 5&ft, (S*f* [0015), [0 0 2 0)) 
[0 0 0 8] 

Jtr**g;lif, WtXHTXK.* *)£.&2titzWt%i£&m. BHWf-gL <li*V> 

\ Sn D n 3 7. M:^f ^rSUt ^ t t ^ S 0 
[0 0 0 9 ] 

[0 0 10] 

— 0 'J *j«*fii»Srffd 3 L^MJi, o. i~0. 3 

[0 0 1 1 ] 
[0 0 12] 

fbtlT^fcO. 1~0. ■3mraSJK<Ol»M^ i bX9X*=?^36*«gAU"Cv>* 0 

>f ;nfta*E1lfC, fllJifcSMfc (fllx-tf, >v<- tl) t^m^M 

[0 0 13] 

[0 0 14] 
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[0 0 15] 

tfc. ujiex 7 x^ starts *em4&g&#fc<fc >e<7)B^Ji> ijrsE#mtes& 

[0016] 
[0017] 
[0018] 

[$&W<a*ifc^SI] 

[0019] 

t^/t- l h 1 afc«iR3:ft*#MK^2 ^f^«AP 1 b t©iK$*LT«ka 

tea d* s ^$tLT, :«fldi:i±, «SfftJ*f St Lt, 3" 

[0 0 2 0 ] 

- 1 <&Slttfc_tj|ft8B 1 c^O U VX4 *aUEfc*LT*caffcfc* «t d KflMfsNtfcftT^* 

) A«Ei?*i4, ^X74Kffl3-f ;w 6 J: d 5 <*>_h:frfc_k 

M7^ ( 9#ttibn-CV^ 0 i©±«7* s Stm-»:feaJ5*fl>EE-r* i ^ J-W9ft»tT, H 
flLhSfiBB 1 c <7)0 'J > 7 4 fc&IEKilg LTftka^^ 1 rt^)«aftt*i*fc*4 J:^^ 

9 LJao d tTy&mm&te 9 «>i&j£9l*£*?T 9 r - X;w (T 

[0 0 2 1 ] 

tmLAntiitifffi-Ciic m&L*:X7Xv£j&ffl=r^;u6fi, S^Sl 0£4h 
LT, fllxtfl 3. 5 6MHz OS&JSifcWifc * ZmfflfeWW. 1 1 lw«iR?tL*o ft 

jftlft 1 ?>*1*M liWBB t^LTv^o 

[0 0 2 2 ] 
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[0 0 2 3] 

^nmmmt. sfti^^ta^^^^ti^t ccvd) zMtLxt&WLx 

[0 0 2 4 ] 

itSLfct sjRflp^-H'i - * <>w-c**o i <^aitfe±aftas i c^o >^4ri««*&*tt 

gl 2 ^**tfcfc i-SI5»tB-f* «t 9 tL^o £<oX^X-7iE»r^l§: 

[0 0 2 5 ] 
[0 0 2 6 ] 

M3?K^U O'J ^yWiifcKJ: Vj^^^mi-tLff, R£MG<£>*H±I?&5eS*i 

fcv», 09x.wr^ 0. lmmWT^^MWlU^ 
[0 0 2 7 ] 

3frt,9ix-ti. fei^aTll^ (0, ) ^ALT, 9t5eEE*-C«I«f?^*K3!S 
#B^£fl2j£-r&o 2cv>-C\ ieJSi£m;fr£X7Xv£j£ffl:3>f ;v 6 ^£>i£m#&SB 5 £4h 
LT&If^v^-lrtCSALt, H***H*W> , X9X^£3&£3**o i^^Xv 

7,^^14**7.^. r i EmKm^h*i&m&i±zG?&fcfc i &K*^^^x^& i><ot 

i&ffl»*fc|Rt>1% Wm^*y (0 + , 0 2 + ) ^*-/>*J:CfK^S^«:^t> 
[0 0 2 8 ] 

$ ^fcUti^lcfr^Jc/N* 3 0 CCjUJgKjnf&T&i fcK ioT, ^#-)x/M^y'J n > £ 
XvXvgHfcS-^&o u^KiWlfli, 3 Ofl-gK^ftiPJHt iotiiB)j^«)6 n 
mc7)^$ (ff$) ©>";3>»ftR^$il4. 
[0 0 2 9 ] 

r«>"j3yfftii;MLT> SIMS (Secondary Ion Mass sp 
ectroscopy:2Wt >K*5H*r&) £ffl^T> 5"J a ^BHfclg+O? y 
*«SeU *HifeM?><fc 9 fc"/?Xvat|0r#S 1 25^0 L> >^*fK»tfc«fc, 
J: 9 e^9XvjS»f¥IE 1 2£t£»tT\ 0 'J y ? <DfrK £ Z>mK^^xm$\'f %> o «05e£ 
fiLT, @3Cli> II? 6 nm^y 'J 7-7|I?fti: 
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[0 0 3 0] 

0 1 9 a t o m s / c m 3 tlT t ^ ^ ft* CJt< 2 W Lt v>S : t t ^ o 
[0 0 3 1 ] 

4^f5#£-5-x.& i £ £E£jL-r& i fcri*-^ &<> ^Tti, 0 'J > X 4 frb$&±-f&0Z : M 

#g 12 11, 0 'J >X4a*e>£fc5K*7 yif^WliLttjllfir i 
J£tfci-*^^Kit-r^o i ^X5Xvi£Bf^Sl 2<Z>*tfl-fc#«»*ffiv>* 7*7X7 

[0 0 3 2] 

g4 (a) fi> i&Sf-^w*- 1 *>iltfc±Sffi8R 1 c otBrMil*^ U 04 (b)'fcl±3R 
[ 0 0 3 3] 

114 (a) fcjp-J-J: $ ic, «t3Sf-^>^- 1 ^Sfttfc±i(SSRl c ^0 ^^4 tX^X^jg 
Bf#S 2 2 75 s @£m^*t^ 0 O'J >X4 *L^:» J: •? 'J ? h 2 1 £St 

JfcJiSfiSBl c<*>— JSfcE*>J&Jifti-*<» X7X^iEffif¥lt2 2ii, ffcK*r«->fc****-C 
«t o Hfl?«H»*3*t, <£<7)*I:£[n]Kl£SB2 2 a fc^L&*§l5 2 2 b ^^J: 5 
Mffl»fT*B?*t*o i«5 7 , 5XTJt»ffg2 2«iUW2 2 Mi. AM** 'J * h 

[0 0 3 4] 

fLT, 04 (b) C*ti^, *tfc±SHSRl c t»«#»SI5 5 t* J «^5^»#K 

ffi5Kmmm<mg-?2>o zfit&izov >^4*«»iEfc»3*iT&3imj&**mi-So 

[0 0 3 5] 

£<7)&2<7>*&ff£iU*ttf> X7X-7li^S2 2 WU X9X 

vSriElff L"C> 0'J>^4f-eX7Xv^iI$^^J:^:t4ifc* J -ClSo iftfc 

[0 0 3 6] 

IS^Mil^JI^jaiiS^Wflif^^tlltJ, 05 (a) 
H> «saf-^^^-OSI«±3i8ffl50»f?5fllit«r^b, 0 5 (b) fi> aUfc-haHB 1 c tm 

t^m^^fitz^M<^^^^c<Dmmmik j k7^-tmx$>^o ft. c^-e 

[0 0 3 7 ] 
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15 ( a ) K^-tXiK, temfryj*- 1©WR±»£&1 cC09V/4 t-fyZ-v'M 
®f¥f£2 3#S£fi£ft& 0 £«>7?X^iMr¥R2 3 l±. 2 3 a fc^tttf 

£B2 3 b fc*£>**WRfc, j&^M^Xl^JjfcMSrffl^Tfmstt&o iw^yXvil 
Bff^I£2 3 tit, O'J J: «J F*HUfc@Bfi? *U I5t«9tttf£&2 3 b**aitt±»SB 1 c <fi> 

[0 0 3 8] _ 

115 (b) C*tJ: 7 fc, 3M*±SH3B1 c ir'il#^5 t * s ^^ Htzm&Kte. ^7 
Xviigf^S2 3«2 3 a* s «HB#SS5 5Ki««?*LTil!l**»)oo, Wmftt6SB5fc:l» 

[ 0 0 3 9] 

auft-e£«fcfis»"es, RoVcfr*&&*m* >ft>^* j §a^-eiSo 

[ 0 0 4 0 ] 

ML)t»2, $MO*ifcMKi3»t&X7X^&Br3MS:2 2 , 2 3fi, £^*m-C0J& 

mw^m2 2.23 *«mfresP5 <t n K&*>±\fx*> 

[ 0 0 4 1 ] 

iwraLfcfsi, 2, 3 fc^-cwt, 0 y > ^ 4 i *j nil (&st^>^ 

-ID) fc75Xv&»pffc 1 2 , 2 2, 2 3 fcttltfc t LTi^tSiil»**7 
^^?>*i«imfl:figB51?**fc«>s 7?XvatHf^S 1 2 . 22. 2 3 3 

[0 0 4 2] 

±SfigBl c ottlR2 4 a 5 OH 5 a HPJ«**IR2 4 b^MtS 

[0 0 4 3] 

i^)t!2 4 a. 2 4 b-tt, »5fc!ft*#fc eflx-f*, 

& (S®if£#$0 ^l^^^-e^titfJ: <> T^^-^A (Al) , 9^9* (T a 
) 5gL<l2, (Ni) fc^ofc^Mdfcftlfeo*^**^*^* Lv»o i^R 

2 4 a. 2 4 b<?)«Si ITU, IfftCi «)#JftLfc*K ESSttfcifcSfiNtiiMt 
ffi£fflv>T=b <t v»„ itz, g^H^Mft>^-«±^l c fc8im'»fiW5<7>IW 
fflGfi, 0~0. 3mm«)Ilrtf, W^tfO. lmm^BW^i U>o 

[0 0 4 4] 

aOW-eRlSS^tiS^^-^T. 0 U >^4^lO&LTR£1-*f§14a<*>ft&ttil?S 
[0 0 4 5] 
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t k £ *) mm-r * £ t # 

[0 0 4 6 ] 
[0 0 4 7 ] 

#*ifcMf±. 117 Jw^i-J: ? n^^^ >/<- l <E>atR±ifi$B l c K«*iii*L* 0 'J 
>^4i:MLt> K^fflOO'J >^*4 g(iI£&JK&-IR2 5 £p< y 5g L < 9 
'Jvm^i^TMn. 0 U > 4 2 5tli, 3¥t£#& # 

t}tfMti*m&*i&5kt£L*>-F < %2> 0 fCT\ 5 liO 'J >^4 IffiW-glii: 

[0 0 4 8 ] 

^jW»* I JfflsK»-'&* *Lfv>4^#fl-K -tfc&JR^fifc-fau* <fcv> 0 Zti\z£ V) , OT/^ 
[0 0 4 9 ] 

[0 0 5 0 ] 

ttiH4fc*«50U>^4i: 4 2W453l**9^^^J:*rtfPSS5 OfeSSSSB) 3 It 
, t0362iiteifflS3 HESS -try vx^fy^r^ ( 

[0 0 5 1 ] 

^?>^3 2 ^ J:4«« 1 7 2 nm<7>3fc (#.x-*/Mf-) £SfcltLT0 2 #"*£*fr?S¥$ 
-frt\ 1 W *V>£r3&&S-li\ -r-^^8 ^J: 19 3 0 OTDfcflp 

it 3 9 ^Iffi^SS«it4o 

[0 0 5 2 ] 

&cj3V>-C{i, ^>-7*3 2^(b<75felt^ 5 3fcS^^3 1 *j8au 0'J>^4^ 
JftltStLT Lf HMt Sit*: O U > ^ 4 ^^i/^n^C J: o T^t 4 o £ 

Z.<7)WLmyt^£ otlfffiWO 'J >^4j§a-Cb^$ *l& 0'J>^*4 

***BJBtt> v>^3 >^4^*^iifclt3fc^3fcS&±^iS3fc«3 4 SrKttT 

> 0 'J >?~4 KJBJt3*L4lfcM3fc*i£3fc-r*o i OiH3t« 3 4 tit, 2&lt3fc*ift3fc-? S > 3fc 
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[0 0 5 3 ] 
10 0 5 4] 

a* * # & £ t #t § « m fi i*i -c y 9 x v sff k mm -r & a* * 0 1 a 

[0 0 5 5 ] 

tfc, XvXv&MSKHC-f &K£*!kS^mKfc^TJi> X^X^tio^lcfi «t fc-f 
MmiM s tiJ. 7 e 7X^ii|^^Tif>5l E l-^^5r^'r^7i:*^^^;v^- 

*LT^*U* «fc V>„ 

[0 0 5 6 ] 

tt&^m%i&WBS<oi£1SM<?>&£.* WJ-T4 £ i:7i 5 T£ £><> 

[ 0 0 5 7] 

>zr*m^tz&T--)i<mw., &mmw (cvDf) rtK»«3*t*9>x;&n*Mfcji 

[0 0 5 8] 

B&T&&0 

SlWiLT, B10 (a) 3 fc» * 1 »t* ^X^ifcKf^R 1 

2 »4 0**»»»C*tt*«*R*«-fc Lt»6t5tl2 4a, 2 4b 

=b«£ t K.J: >3, 7*5XvaifS 1 2 K«fc »9 XvXvfc&Bf U %I2 4 a, 2 4b 

•}fetfctt*!ft*L-C\ XvX^&tfiS'&a^O'J >^4 fciflai"* i t SrRfjtf 

0 5 9] 

»2«tLT, B10 (b) i:StJ:ol^ ilO^I^C^ftS^fXvJUffgl 
2 K5 5 O- 1 ; >^4 *3fi*-frfc**:«JfiMJ:tL^ XvX^^if^S 1 2* 

iiS LfcX? X-7 RCffSttift^ O 'J > 4 tifljt-r* i t oTi, OV>^4 <o^-fb 
^RfJh-rait^-Ciio fill fllKSf§5?>*;&feM£j£a#-^fc>-£T, X^X^iggf 

^ft 1 2&tf«Bl2 4 a, 2 4b *iifiLTUIofc7*7XvSU ! ffiWO 'J >7A K 

[0 0 6 0 ] 

&3Mt LT, 11 0 (c) •? K, m6 60*iSM<^*^a^m«k> *4^ 

it^aiJw is »t 4 t LT«^t-4*R2 4a, 2 4 b t ti: i 

•9, 3fc^»-C|&feLfc«k3l3!r^m:«>mi4a**K2 4 a, 2 4 b J: t^i&^FLT, ffil* 

a^ou >^4 £Ha^*£fc£isjh-r* 

[0 0 6 1 ] 

#4«i: LT, 010 (d) t'*-r<£ -9 ^6^*J£B^<7?*^S^*t, » 5 <75* 
Mtf&jifcJ3»ta&JR&:BI2 5**8e»tP>*L^:0 U >^4 1 to Z.bK£ *) , 
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[0 0 6 2 ] 

-> - ju'-t * W o T S£W L rt:* 5 , £ iii A $ & £Ji Efl# 

[0 0 6 3] 

[ S ffi ffi ^ 1^ ] 

[mi] ^^^MSf^ii l*:* i tf)*iif.(^4^#^i^7XYj0.i 

[El 2] l <7>**»SwJlt^Mi61S<o»««^ffl5^*l£^L^WlB«Ift**i-|a^* 
[S3] » l «)*ifc»3KKi3»t* v 1 ; 3 >mftWk<vUMfrhv>m2 ty y to 

[114] 114 (a) li> »2<D*tt^li^«4*ft3S^-ir>^-OSIltfe±SSasol»B«BB;* 
^-Tll, 114 (b) ^liJ|^««5tl«#«»t*«*S*t*:ttaioffll!«J!t**i-|a 

[115] H5 (a) ii, *3W*lfc«!RK«*«!ta^ir>^-waitt±»ff«)l»iB*** 
*i-H, 15 (b) it, *tt±»WtfW#ft«St*«^5tLfctt!|oWiB#J6*'*i-ia 

[@°7] ^5^*ifiM{i#i^^3i^s^^^#s^c)v^Tgiigi-s^ie>oi2-e 

[H°8] ^l&EOJl^&S&itSriSffl L^f6^Ml^#^^-b^ >x+^7>^ 

[0 9] n 8 \z&if&m&&mmW(o&&fc&¥3fr*&*Lfcmmm&*^-rm-r$>& 
[*J-t*>t&9§] 

1-jJtlf la-lfl*'-K 1 b-^fAP, 1 c — ^fLLiM, Id — 
gt#c?#> 3-^«AI, (Sf*-*SSB) , 6 

■••^?X7t*fl!3'ffl', 7-±fi, 8-r-7^ (Tg&m&) ^ 9— 2£*, 1 0-1^ 
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